as compared to juices. Therefore, consumption of whole fruit is recommended as the studied fruit juices have lower carotenoids content.
INTRODUCTION
Carotenoids are abundant in fruits and vegetables but are usually masked by the green colored chlorophyll. The degradation of chlorophyll during maturation enables the carotenoids to be visualized, [1] for example, in the dying leaves during autumn and matured fruits (tomatoes, oranges, grapefruit). The key nutritional role of carotenoids is as provitamin A, which is commonly known to improve vision. Additionally, carotenoids are known act as an antioxidant in human body. [2, 3] Generally, carotenoids appear primarily in a more stable all-trans isomeric form. [4] However, due to the highly unsaturated structure, carotenoid is prone to isomerization and oxidation. Heat, light, acids, and adsorption on an active surface (e.g., alumina) promote isomerization of all-trans-carotenoid to the cis forms. [5] The extended conjugated double bond of carotenoids serves as an important physiological function site and provides carotenoids the visible absorption spectrum that could be the basis for their identification and quantification. [6] The structure of carotenoids could be derived or modified by the reactions involving hydrogenation, dehydrogenation, cyclization, insertion of oxygen, rearrangement, chain elongation, or chain shortening. [7] stored under -80 • C in a tightly sealed container. A HR1810 juicer (Philips, Shah Alam, Malaysia) was used for preparing juices and stored in -20 • C until further analysis. The juice samples were prepared based on the weight of lyophilized fruits.
Sample Extraction
The extraction was performed based on a method by Hart and Scott. [14] Samples of the fruit pulp were in lyophilized power form, while fruit juices were in fresh liquid form. Briefly, 50 mL of tetrahydrofuran:methanol (1:1 v/v) was added to 10 g of sample. The mixture was agitated on shaking incubator (Heidolph Instruments, Schwabach, Germany) for 5 min. Then the sample was filtered through a Whatman paper No.1. The filtrate was kept and the residue was re-extracted twice with 50 mL of extracting solvent following the same procedure. Pooled filtrate was transferred to a separating funnel and 50 mL of petroleum ether (0.1% BHT) as well as 50 mL 10% NaCl were added, and then the mixture was shaked slowly. Then, the upper petroleum ether phase was kept and lower phase was re-extracted twice with 50 mL of petroleum ether. Lastly, the petroleum ether fractions were pooled and the same procedure was repeated twice with 20 mL of distilled water. The petroleum ether fractions were concentrated using a rotary evaporator (Buchi Rotavapor R-200, Essen, Germany) at 35 • C and fully evaporated to dryness under a stream of nitrogen. The extract was dissolved with 5 mL of HPLC mobile phase and/or dichloromethane and filtered through a 0.22 μm membrane filter prior to chromatographic analysis.
HPLC Determination of Carotenoids and Their Geometry Isomers
Geometry isomers of β-carotene and lycopene were analyzed based on a method developed by Lin and Chen. [15] Agilent 1100 series HPLC system (Santa Clara, CA, USA) was used to identify the carotenoid geometry isomers and determine the β-carotene and lycopene contents in cherry tomato, red grapefruit and pink guava samples. The HPLC system was equipped with degasser, quaternary pump, auto sampler, and diode array detector, YMC C 30 column (5.0 μm, 250 × 4.6 mm I.D.) (Tokyo, Japan). A gradient elution applying two mobile phases, (A): 1-butanol-acetonitrile (30:70, v/v) and (B): methylene chloride (100%) was used for HPLC separation. The elution was set at 0-20 min (99% A and 1% B), 20-50 min (4% B), 50-55 min (10% B), and lastly 55-65 min (1% B). The injection volume was 20 μl and the flow rate was set as 2.0 mL min −1 . The carotenoids were eluted at 476 nm. The standards of β-carotene and lycopene were prepared by dilution in dichloromethane ranged from 1-100 μg mL −1 and 10-200 μg mL −1 , respectively. The β-carotene and lycopene contents of the fruit samples were quantified based on the plotted standard curves. The peaks of carotenoid geometry isomers were identified based on spiking test and compared with the retention time. Confirmation of carotenoid geometry isomers peaks in the samples were performed by referring to the peak spectrum of the standards and the published carotenoid peaks spectrum. [15] 
Recovery Analysis
The recovery analysis was done by addition of 100 μg mL −1 all-trans-β-carotene and all-trans-lycopene to the blank samples. The samples were undergone similar extraction procedure and analyzed by HPLC method. The recovery percentage of each carotenoid was calculated using the following equation:
where CF = concentration of carotenoids measured and CA = concentration of carotenoids added.
UV-Vis Spectrophotometer Analysis of β-Carotene and Lycopene
The UV-Vis spectrophotometric method was carried out to determine the total carotene content. [16] The absorbance of sample extract was read at 450 nm. A calibration curve of β-carotene standard was plotted with a range from 5-20 μg mL −1 . The concentration of β-carotene was calculated based on the equation obtained.
The concentration of lycopene was estimated based on a method described by Fish et al. [17] The absorption of lycopene dissolved in dichloromethane was determined at the λ max of 476 nm. The lycopene concentration in the samples was calculated based on the following equation: [18] Lycoene mg kg
where the molar extinction coefficient of lycopene is 17.2 × 10 4 cm M −1 .
Statistical Analysis
All determination was performed in triplicate. The data was statistically analyzed using SPSS for Windows version 17. All results were expressed as mean ± standard deviation. Analysis of variance (ANOVA) was used to compare the means among the fruit pulp and juice samples. The statistical significant value was set at p < 0.05.
RESULTS AND DISCUSSION

HPLC Determination of β-Carotene and Lycopene
The β-carotene content of cherry tomato, red grapefruit and pink guava are shown in Table 1 . Among the fruit pulps, cherry tomato showed the highest β-carotene content (5.3 ± 0.03 mg kg −1 ) analyzed using a HPLC method. However, among juices, cherry tomato also indicated the highest β-carotene content (4.0 ± 0.3 mg kg −1 pulp portion). The amount of β-carotene in red grapefruit pulp and juice were 3.2 ± 0.2 mg kg −1 and 1.2 ± 0.1 mg kg −1 pulp portion, respectively. However, the β-carotene contents of pink guava pulp and juice were 0.8 ± 0.1 mg kg −1 and 0.7 ± 0.1 mg kg −1 pulp portion respectively. The statistical comparison shows significant differences in β-carotene contents between and among the fruits pulp and juice studied (p < 0.05), except for pink guava, where no significant difference was found between the β-carotene contents of pink guava pulp and juice. [20] 3.2 ± 0.2 b 4.5 [22] 6.0 [21] 0.8 ± 0.1 c 9.8 [23] 0.14 [24] 
Pulp 92.9 ± 9.6 a 82.0 ± 17.0 [25] 52.9 ± 1.9 b − 46.7 ± 3.4 b 29.3 ± 3.5 [26] spectrophotometric
Values are expressed as mean ± standard deviation (mg kg −1 fresh pulp portion) of triplicate determinations. Mean ± standard deviation followed by different superscript lower-case letters for each method (HPLC or UV-Vis spectrophotometric method) differ significantly (p < 0.05).
Comparisons of β-carotene contents in the studied fruits from current study with previous studies using HPLC method are shown in Table 1 . As reported by Raffo et al., [19] light red cherry tomato had 8.4 mg kg −1 β-carotene. This value was higher than the value found in present study. Nonetheless, Raffo et al. [20] also revealed that β-carotene in cherry tomato were ranged from 5.2 to 106.3 mg kg −1 , depending on the harvesting season. The concentration of β-carotene found in the studied cherry tomato pulp was within the range reported. However, β-carotene content of red grapefruit pulp (3.2 ± 0.2 mg kg −1 ) was found to be slightly lower than previous study. The data reported by previous researcher for βcarotene content in red grapefruit were 6.0 mg kg −1 (Holden et al.) [21] and 4.5 mg kg −1 . [22] On the other hand, pink guava was reported to have 9.8 mg kg −1 [23] of β-carotene. This value was much higher than β-carotene content found in the studied sample (0.8 ± 0.1 mg kg −1 ). However, Charoensiri et al. [24] reported pink guava had 138.0 μg kg −1 β-carotene content, which was lower than the value in the studied sample.
The lycopene contents of the studied fruits and juices analyzed using HPLC method are shown in Table 2 . Pink guava pulp exhibited the highest lycopene content followed by cherry tomato pulp and red grapefruit. However, cherry tomato juice showed the highest lycopene content followed by red grapefruit juice and pink guava juice. Results from ANOVA multiple comparisons show that there were significant differences in the lycopene contents between and among the fruits pulp and juice studied (p < 0.05). [27] 69.2 [19] 3.9 ± 0.1 b 14.6 [21] 18.7 [22] 15.9 ± 0.1 c 11.5 [23] 54.0 [ [30] Values are expressed as mean ± standard deviation (mg kg −1 fresh pulp portion) of triplicate determinations. Mean ± standard deviation followed by different superscript lower-case letters for each method (HPLC or UV-Vis spectrophotometric method) differ significantly (p < 0.05).
Comparisons of lycopene contents in the studied fruits from current study with previous studies using HPLC method are shown in Table 2 . Cherry tomato had been reported to contain lycopene of 56.1 mg kg −1 by Kuti and Konuru [27] and to have 69.2 mg kg −1 in light red cherry tomato by Raffo et al. [19] However, the lycopene values found in previous studies were much higher than the lycopene content in the studied sample. The lycopene content of red grapefruit pulp was much lower compared to the value reported by Holden et al. [21] and Yano et al. [22] Bramley [28] found that the lycopene content in pink guava was 54.0 mg kg −1 , where the value is almost three and half times higher than that of the studied sample. The lycopene content in the studied pink guava pulp (15.9 ± 0.1 mg kg −1 ) was almost similar to the value reported by Setiawan et al. [23] The differences in the β-carotene and lycopene contents between pulp and juice of the fruits studied might be affected by several reasons. In HPLC analysis, the column used is the main factor for the variation in carotenoids content. In the current study, the carotenoids specific C 30 column was used with better separation instead of C 18 column. This was in agreement with Sander et al. [31] that C 30 column could gave a better separation and shape selectivity for carotenoids than C 18 column. Hence, C 30 column could result in higher number of carotenoid isomers, which due to the individual carotenoid isomers are well separated. Besides, the extraction method and HPLC conditions such as mobile phase used are varied, thus it may contribute to the variation in lycopene content.
The carotenoid composition in foods is known to be influenced by many factors such as cultivar or variety, stage of maturity, climate or geographic site of production, harvesting and post harvest handling as well as processing. [32, 33] In this study, the maturity of the fruits sample were not determined. However, the ripened cherry tomatoes have soft texture with orange to red colored flesh, and peel was used. The ripe red grapefruits with the peel in orange-red color was selected. For pink guava, the peel was in light green color, but it has light pink colored flesh. The samples that had been used from previous studies have a wide range of fruits maturity and various colors, especially the color of cherry tomato which could be yellow to orange-red. Besides, different varieties of fruit sample used will give a range of lycopene concentrations. Moreover, different geographic locations of the fruits grown could have affect the lycopene content.
Identification of Carotenoid Geometry Isomers
The geometry isomers of carotenoid in the fruit samples were identified from peak spectrum and comparing with the individual peak as disclosed in HPLC chromatogram as reported by Lin and Chen [15] (Figure 1) , the peaks of cis-isomers of lutein, β-carotene, and lycopene were identified in the studied samples. The geometry isomers identified are shown in Table 3 . The limit of detection (LOD) and the limit of quantification (LOQ) were determined based on the ratio of the peak height of carotenoid identified and the average peak height of noises in the chromatogram obtained. [34] All-trans-lutein, 9-cis-lutein and 13-cis-lutein were identified in the pulps and juices of all three samples (cherry tomato, red grapefruit, and pink guava). The lutein isomers were quantifiable in the studied samples, except for all-trans-lutein and 9-cis-lutein in pink guava pulp and juice which were in trace amount. Red grapefruit pulp was also shown to have trace amount of all-trans-lutein. There were six identifiable geometry isomers of β-carotene in the fruit sample that were similar as found by Lin and Chen. [15] Out of six geometry isomers of β-carotene, five were identified in most of the samples. They were di-cis-βcarotene, 15-cis-β-carotene, 9-cis-β-carotene, all-trans-β-carotene, and cis-β-carotene. Compound of each peak is indicated in Table 3 . All-trans-lycopene Notes: = quantifiable; LOD = 3 × (peak height of the noise in the chromatogram); x = not detectable; LOQ = 10 × (peak height of the noise in the chromatogram).
The concentrations of di-cis-β-carotene and 15-cis-β-carotene in all samples were higher than the LOQ value, except for pink guava pulp with trace amount. In all fruit samples, 9-cis-β-carotene was identified as trace amount, however, it was not detectable in the red grapefruit juice sample (below LOD). [34] All pulp and juice samples were found to have quantifiable amount of cis-β-carotene, except for pink guava juice. Most of the fruit samples had no detectable content of 13-cis-β-carotene, however, cherry tomato and red grapefruit pulps had trace amount of it.
Seven lycopene geometry isomers were identified in the fruit samples. They were 9,13'-di-cis-lycopene, 15-cis-lycopene, 13-cis-lycopene, 9,13-di-cis-lycopene, 9-cislycopene, 5-cis-lycopene, and all-trans-lycopene. In cherry tomato and red grapefruit samples, 9,13'-di-cis-lycopene was in trace but not detectable in pink guava samples. Besides, 15-cis-lycopene was not detected in all fruit samples. In all fruit pulp samples, 13-cis-lycopene and 5-cis-lycopene were detected, but not found in the fruit juice samples. Besides, 9,13-di-cis-lycopene was the only lycopene isomer found in cherry tomato and pink guava samples. In addition, 9-cis-lycopene was detected in the pulps and juices of pink guava and red grapefruit pulp, but not found in the pulp and juice of cherry tomato and also red grapefruit juice.
In general, the fruit pulps and juices were found to have similar types of lutein and βcarotene isomers. However, all the studied fruit pulps had additional lycopene cis-isomers than their juices. This is contradicted to the expectation that cis-isomers should be more abundant in fruit juices. Cis-isomers are difficult to be detected in fruit juice because of carotenoids in the juice were initially difficult to be extracted. The extraction solvent used in present study is tetrahydrofuran, a polar solvent which had hydrophilic interaction with water. [35] Tetrahydrofuran, in the present of methanol is best for carotenoid extraction. However, a high level of water presence in the juice may have interaction with tetrahydrofuran. Therefore, the solubility of carotenoids in the extraction solvent is decreased. [36] Thus, the isomers of carotenoid are expected to be fewer in fruit juice due to incomplete extraction of carotenoids. Degradation of cis-isomer due to autoxidation in juice could possible contribute to the decreased level of cis-isomers. Besides, cis-isomers have been reported to be more susceptible to autoxidation than the all-trans-isomer. [37] Furthermore, more cis-isomers are lost during the mechanical action of juicing that resulted in low lycopene cis-isomers in juice samples.
Recovery
The recovery test was performed using all the studied fruit pulps. The percentage of recovery for each fruit was calculated and within the acceptable range (80-110%) as recommended by the Association of Official Analytical Chemists (AOAC). [38] Red grapefruit had a high percentage of recovery among the fruit samples. The recovery for β-carotene in red grapefruit was the highest (101.5%) followed by pink guava (94.3%) and cherry tomato (83.3%). As for lycopene, red grapefruit had the highest recovery (99.3%) followed by cherry tomato (76.1%) and pink guava (72.1%). Therefore, an acceptable range of recovery indicates a high accuracy of the analytical method.
The percentage of mean recovery for tomato analyzed using HPLC method was reported as 100.8 ± 9.2% for β-carotene and 108.7 ± 2.2% for lycopene. [25] These percentages of recovery are higher than the studied cherry tomato (83.3% for β-carotene, 76.1% for lycopene). As reported by Matsumoto et al., [39] the percentage of recovery for citrus fruit was 107% for β-carotene and 92% for lycopene, which are close to the percentage of recovery found in the studied red grapefruit (101.5% for β-carotene, 99.3% for lycopene). The percentage of recovery for β-carotene in the fruit samples is generally higher than lycopene. It could be due to a lower stability of lycopene in the studied sample. [40] 
UV-Vis Spectrophotometer Determination of β-Carotene and Lycopene
The total carotene and total lycopene contents of the studied fruits and juices analyzed using UV-Vis spectrophotometer are shown in Tables 1 and 2. Cherry tomato pulp had the highest total carotene content (92.9 ± 9.6 mg kg −1 ), which was expressed as β-carotene equivalent; followed by red grapefruit and pink guava pulps (52.9 ± 1.9 and 46.7 ± 3.4 mg kg −1 , respectively). The result also shows that the studied juices had low total carotene content. Statistical analysis also shows that there was no significant difference between the total carotene content of red grapefruit pulp and pink guava pulp. Similarly, no significant differences were found between the total carotene content of cherry tomato juice and red grapefruit juice, and between the total carotene content of red grapefruit juice and pink guava juice.
The results obtained from UV-Vis spectrophotometric method show that cherry tomato had the highest total lycopene content, whether in its pulp or juice ( Table 2) . For the studied fruits pulp, cherry tomato had the highest total lycopene content (84.5 ± 2.1 mg kg −1 ), followed by pink guava (43.4 ± 2.2 mg kg −1 ) and red grapefruit (54.2 ± 4.6 mg kg −1 ). The total lycopene content in pink guava juice was two times lower than red grapefruit juice and about three times lower than cherry tomato. ANOVA statistical analysis shows the total lycopene contents were not significantly different between red grapefruit pulp and pink guava pulp, between cherry tomato pulp and red grapefruit juice, between red grapefruit pulp and pink guava juice, and between pink guava pulp and juice.
Comparisons of β-carotene contents in the studied fruits from the current study woith previous studies are tabulated in Table 1 . Barba et al. [25] reported that cherry tomato pulp had 82.0 ± 17.0 mg kg −1 β-carotene determined by UV-Vis spectrophotometric method. The value is comparable with the cherry tomato pulp studied. Besides, β-carotene content in pink guava pulp analyzed using UV-Vis spectrophotometric method was 29.3 ± 3.5 mg kg −1 , [26] where the value is lower than the value found in the pink guava pulp studied. Comparisons of lycopene contents between the studied fruits and results from previous studies are shown in Table 2 . The value of lycopene in the cherry tomato pulp studied was similar with Barba et al. [25] Lugasi et al. [29] also revealed that red grapefruit had 7.5 ± 0.9 mg kg −1 of lycopene, which was much lower than the lycopene content in the present study. As reported by de Brito et al., [30] lycopene contents of pink guava juice analyzed using UV-Vis spectrophotometer were ranged from 11.1-16.5 mg kg −1 , which is lower than the lycopene content found in the studied sample.
CONCLUSIONS
Carotenoid isomers namely all-trans, cis, and di-cis present in the studied fruit pulps and juices can be identified using HPLC method C 30 column. Cherry tomato and pink guava exhibited a high amount of β-carotene and lycopene, respectively. All the studied fruit pulps are shown to have higher β-carotene and lycopene contents than their juices in the same sample portion. Interestingly, out of sixteen geometry isomers of carotenoids identified in the current study, the fruits pulp exhibited higher number of trace amount of cis-carotenoids as compared with fruits juice. However, these carotenoid geometry isomers that have been identified were above than LOD values. The degradation may cause a loss of cis-isomers during the juice making. UV-Vis spectrophotometric method could overestimate the carotenoid contents in the studied fruits than that of HPLC method. In a nutshell, fruit juicing process may cause a loss of carotenoids due to degradation. Thus, the consumption of fresh fruit slices is recommended for the optimum health benefits.
